Abstract We showed previously that chronic Chlamydia pneumoniae infection increases the risk of lumbar artery occlusion. We did not evaluate, however, the effect of other risk factors for cardiovascular diseases in combination with this chronic infection. The purpose of this study was to investigate the combined effect of chronic C. pneumoniae infection and other known determinants of artery occlusion in a population of sciatica patients. Two-dimensional time-of-flight magnetic resonance angiography (MRA) was used to evaluate lumbar arteries at baseline and three years. The arteries on both sides (L1-
distributed quite evenly between the individual segmental levels, varying from 12.7 to 18.6%. BMI was the only predictor of new arterial stenosis (odds ratio (OR) 1.13). A reasonable logistic model could be established only for baseline L4 and total arterial scores. At L4, education was a protective factor (OR 0.07), whereas age (OR for the oldest age group 6.7) and BMI (OR 1.17) were associated with increased risk of occlusion. For total arterial score, chronic C. pneumoniae infection was an independent determinant of arterial occlusion, increasing the risk to almost eightfold. Additionally, BMI (OR 1.16), and age (for the oldest age group OR 11.4) were significant determinants for stenosis. Smoking was not statistically significant. As chronic C. pneumoniae infection was an independent determinant of lumbar artery occlusion, treatments of this chronic infection may have an impact on lumbar diseases. The importance of BMI for new arterial stenosis suggests that weight reduction may also have a beneficial effect in lumbar artery disease.
Introduction
Atherosclerosis starts early. This first came to light in the 1950s, when many soldiers under 20 years of age who died in the Korean war were found to have atheromatous lesions in coronary arteries [31] . The atherosclerotic process in the lumbar arteries, however, is not yet fully understood. In the lumbar region four artery pairs supply the first through the fourth lumbar segment, while the fifth segment is nourished by branches of the middle sacral artery originating in the aortic bifurcation. A theory of low back pain (LBP) due to lumbar artery disease was proposed in mid-1990s [13] . On the basis of cadaver studies, intervertebral disc degeneration was associated with advanced aortic atherosclerotic lesions [16] , and stenotic changes in lumbar arteries associated with chronic LBP [14, 17] .
In the population-based Framingham cohort, advanced aortic atherosclerosis presenting as calcified deposits in the posterior wall of the aorta preceded intervertebral disc deterioration and was also associated with LBP [15] , and predicted subsequent vascular morbidity and mortality [35] . An association between aortic atherosclerosis and LBP was also found by Kurunlahti et al. [19] . However, both a large population-based survey and a nested case-control study of Finnish farmers found no association between LBP and ischemic heart disease [8, 27] .
Atherosclerotic cardiovascular diseases and LBP share common risk factors. These include smoking [3, 5, 28] , obesity [11, 22] , and socioeconomic status [18, 25, 32] .
Chlamydia pneumoniae is a common respiratory pathogen, which tends to give rise to chronic infections [34] . Its association with coronary heart disease has been reported convincingly [2, 30] . Recently, we found that chronic C. pneumoniae infection was strongly associated with the occlusion of lumbar arteries among sciatica patients-especially at the L4-segment level [12] . However, in the previous study, we did not evaluate the effect of other cardiovascular risk factors. It might well be that chronic C. pneumoniae has no independent effect on lumbar artery disease, but rather acts as a risk indicator for other underlying causal factors. Therefore, the aim of this study was to investigate the combined effect of chronic C. pneumoniae infection and other risk factors on artery occlusion in a population of sciatica patients using a non-invasive imaging technique, magnetic resonance angiography (MRA) of lumbar arteries.
Methods

Subjects
The baseline study population consisted of 147 (88 men, mean age 43.4 years; 59 women, mean age 45.0 years) non-operated sciatica patients with unilateral symptoms for 1-6 months. Three years later these patients were invited to a follow-up MRA assessment; nine refused, two were not reached, one had a pace-maker, and one had died. Thus, 134 patients were re-scanned at 3 years. The study was approved by the local ethics committee.
Imaging
The patients were scanned with a 1.5-T scanner (GE Signa Echospeed; Ge Medical Systems, Milwaukee, WI) at baseline and at three years. A phased-array spine cervicothoracic-lumbar coil was utilized for MRA of the lumbar arteries. Two-dimensional (2D) time-of-flight (TOF) MRA was used to evaluate the patency of the lumbar arteries. Magnetic resonance (MR) images were obtained in the coronal direction to cover the area of the lumbar spine using a 5.1 ms time of echo, 29 ms time of repetition, 60°flip angle, 256·512 matrix and 30·30 cm field-ofview, and 1.5 mm slice thickness. A spatial presaturation pulse was placed posterior to the imaging slices in order to suppress the signal from the lumbar veins. The MRA scans of the corresponding artery pairs were analyzed by an experienced radiologist who was blinded to all other findings. A workstation (Advantage windows; GE Medical Systems) was used in the image analysis.
Image Analysis
The lumbar arteries on both sides from L1 to L4 were evaluated visually and scored as normal (0), narrowed (1) or occluded (2) . A score for lumbar disease was calculated by summing up the scores of the eight individual arteries (total arterial score). An artery was classified as narrowed if the diameter of the vessel was stenosed by at least onethird, and as occluded if it was not detectable. In the evaluation, the contralateral artery and the next artery above were used as reference. The fifth lumbar segment was not analyzed because it receives its blood supply from the middle sacral artery and through the branches of the iliolumbar arteries, and the direction of these arteries could not be visualized in the 2D-TOF scan at the same time as the other lumbar arteries. Both maximum intensity projections (anteroposterior, oblique, and lateral views) and coronal source images were used to determine stenosis of the lumbar arteries. The incidence of newly formed stenosis was defined as the difference between the arterial scores at baseline and at three years.
Determinants
The determinants analyzed included age (years) and body mass index (BMI, kg/m 2 ) at baseline, education (college or higher vs no college), smoking at least ten cigarettes per day at baseline or three years), and presence of chronic C. pneumoniae infection. Additionally, gender was included in the statistical models. Patientreported data was used for BMI, education and smoking. Presence of chronic C. pneumoniae infection was evaluated with specific antibodies from two blood samples taken at least one month apart from each other. The analytic method and criteria for the presence of chronic infection have been described earlier [12] .
Statistical analysis
Logistic regression analysis was performed separately for baseline total arterial stenosis, each L1-L4 segmental artery pair at baseline, and for incident new stenosis during the three-year follow-up period. Odds ratios (OR) and 95% confidence intervals (95% CI) were considered. For baseline arterial stenosis score, a classification of no changes or one artery narrowed (score £ 1) vs more pervasive stenotic changes (score ‡2) was used. For each segmental artery pair and for new incident stenosis, a classification of no stenosis vs any stenosis was used. At first all the potential determinants were forced into the model, but finally a model with the highest explanatory power for arterial occlusion was generated. Statistical analyses were performed with SPSS 11.0 software (SPSS Corporation, Chicago, IL), and P-values of less than 0.05 were considered significant.
Results
Status of lumbar arteries in MRA
At baseline, a total of 1176 lumbar arteries from 147 patients were examined, of which 957 (81%) were classified as normal and 219 (19%) as narrowed or occluded. L4 segmental arteries were most frequently occluded ( Fig. 1) . At 3 years, a total of 1,072 lumbar arteries from 134 patients were examined, of which 785 (73%) arteries were classified as normal and 287 (27%) as narrowed or occluded. Over the follow-up period of 3 years, new arterial stenosis was observed in 64 (47.8%) of 134 patients. Forty (29.9%) patients had an increase of one grade, 18 (13.4%) two grades, and six (4.5%) three grades or more in arterial score. Total incidence of new arterial stenosis was distributed quite evenly between the individual segmental levels, varying from 12.7% to 18.6% (Fig. 2) .
Determinants
Descriptive data on selected determinants of lumbar artery occlusion both at baseline and at three years are presented in Table 1 . BMI at three years was not evaluated. The proportions of patients with college education, who were permanent smokers, and who had chronic C. pneumoniae infection did not change markedly during the follow-up period. Percentage of patients (of total 134 patients) with new incident stenosis is presented separately for total lumbar score (combined segments L1-L4) and for the individual levels. Arteries, which remained unchanged during the follow-up are not presented. Difference in the arterial score means a corresponding increase in stenosis score (e.g., a difference of 1 means that one normal artery was narrowed or one narrowed artery was occluded) Preliminary logistic regression model
In the preliminary logistic regression model, baseline total arterial stenosis score associated significantly with age (OR for the oldest age group 10.6; 95% CI 3.7-30.0), BMI (OR 1.15; 95% CI 1.04-1.31) and C. pneumoniae infection (OR 8.6; 95% CI 1.5-47.7) ( Table 2) . The model correctly predicted 83.3% of patients with an arterial score of 1 or less, and 71.4% of more stenotic patients. Baseline L1-L3 segmental stenosis associated weakly with age, and the models poorly predicted stenosis at these levels ( (Table 3 ). The final model for baseline total arterial stenosis included smoking, chronic C. pneumoniae infection, age, and BMI (Table 3 ). Chronic C. pneumoniae infection (OR 7.7; 95% CI 1.4-41.8), BMI (OR 1.16; 95% CI 1.04-1.31), and age (for the oldest age group OR 11.4; Table 2 Logistic regression models with baseline lumbar artery occlusion (segmental artery pair at L1-L4 and total arterial score) and incident new stenosis over the three-year follow-up as dependent variables. All the potential determinants are included, except C. pneumoniae infection at L4. Odds ratios (OR) and 95% confidence intervals (CI) for ORs in each model are presented 95% CI 4.0-31.9) emerged as significant determinants of total arterial stenosis. On the other hand, smoking was not statistically significant (OR 1.7; 95% CI 0.7-4.4). The model correctly predicted 83.3% of patients with arterial scores of 1 or less, and 71.4% of more stenotic ones (Table 3) .
Discussion
This study revealed that chronic C. pneumoniae infection is an independent determinant of baseline total arterial stenosis, increasing the risk of occlusion to almost eightfold. In addition to C. pneumoniae infection, age, and BMI significantly associated with increased risk of occlusion (total score). However, BMI was the only predictor of new lumbar artery stenosis formation over the relatively brief follow-up period ( Table 2) . The significant independent effect of chronic C. pneumoniae infection on total lumbar arterial stenosis is not surprising per se, as this pathogen has been detected in abdominal aortic aneurysms and atherosclerotic plaques in the vessel walls of the lower extremities [7, 10] . Furthermore, C. pneumoniae antibodies correlated strongly with intimal calcification of the femoral arteries in non-diabetic Finnish individuals [23] . A recent German study discovered a significant impact of infectious pathogen burden on the development of coronary artery disease [6] . However, the positive relation to the presence of coronary disease was shown only for some pathogens, not all. These ''atherosclerotic'' pathogens were C. pneumoniae, cytomegalovirus, Helicobacter pylori, and herpes virus simplex type I. The association of pathogen burden with coronary artery disease was modulated by serum interleukin (IL)-6 levels.
The non-significant effect of smoking on arterial occlusion in the final model was unexpected, as cigarette smoking is a major cause of coronary heart disease and peripheral vascular disease. This manifests as an increased risk of thrombosis of narrowed vessels and as an increased degree of atherosclerosis in those vessels. Additionally, a dose-response relationship between atherosclerosis and both amount and duration of smoking has been found [5, 9] . In this study a significant proportion of patients were permanent smokers, as over 19% of them smoked at least half a pack per day both at baseline and three years. The expected significant contribution of smoking to arterial stenosis did not occur, however. This apparent conflict could be explained by smoker's paradox, a phenomenon of reduced risk for restenosis in smokers [1] . This is suggested to be caused by the effect of smoke-derived nitric oxide (NO) expression on a suppressed basal NO-production [33] .
Age had a major effect on arterial stenosis at all segmental levels at baseline, which is not surprising as age is the main clinical determinant of large artery stiffness. Cross-sectional studies have shown that aortic and carotid stiffness increase with age by approximately 10-15% over a period of ten years. Among other cardiovascular risk factors, diabetes accelerates arterial stiffness, whereas the role of dyslipidemia and smoking is unclear. Furthermore, decreased carotid distensibility, increased arterial thickness, and presence of calcifications and plaques often coexist in the same subjects [4] . In this study, over the relatively short follow-up period of three years, age was not a significant risk factor for new arterial stenosis.
In a Finnish study of young adults, risk habits (imprudent diet, smoking, physical inactivity, and frequent inebriation with alcohol) showed significant clustering. Independent risk factors for risk habit clustering included male sex, aggressiveness, and past unemployment, whereas attention to health habits, higher education (being a student), good self-perceived health, and a high sense of responsibility seemed to be protective factors [29] . In the same cohort it was shown that the least educated young adults adopted a more adverse lifestyle than the more educated [24] . Similarly, being overweight or obese has been observed to promote clusters of coronary heart disease in the Framingham Study cohort [11] . Furthermore, an accumulation of risk habits was associated with an atherogenic lipid and blood pressure profile (clustering of high density lipoprotein cholesterol/total cholesterol ratio, triglycerides, and diastolic blood pressure in their extreme tertiles) among young adults [29] . Such clustering might explain why obesity is so weakly associated with LBP [22] . Importantly, an atherogenic lipid profile was also associated with both C. pneumoniae and H. pylori antibodies in healthy Finnish men [21] , and chronic infections could be related to obesity and the metabolic syndrome via their effect on lipid and glucose metabolism [26] . Unfortunately we do not know the association of lipid profile with lumbar vascular disease as we did not measure lipids. In this study, higher education was a protective factor at the L4 segment, whereas obesity was the only significant determinant of new lumbar artery stenosis. These effects could be explained by clustering of determinants like education, smoking, obesity, and chronic C. pneumoniae infection. Unfortunately-probably due to limited number of observations in some cells-no reasonable logistic models for the interaction terms could be obtained. However, in the chi-square test higher education tended to associate with lesser obesity and lesser proportion of smokers but not with lesser proportion of chronic C. pneumoniae infection (data not shown). This indicates that a clustering of education, smoking, and obesity may exist in this study population. It is not surprising that those individuals with a greater degree of knowledge about health-related factors behave in a ''healthier'' way. These results are comforting as they suggest that we can influence the status of lumbar arteries by our health-behavior (most likely by weight reduction).
We have recently observed that lumbar vascular stenosis predicts poor subjective physical ability during a three-year follow-up [20] . Additionally, newly formed lumbar arterial stenosis was associated with patient-reported medical consultations during the year preceding the baseline assessment and with prolonged LBP during the first year of follow-up but not with patient-reported recurrences of symptoms at later follow-up assessments. Because of this association between lumbar artery disease and subjective physical performance, it is clinically relevant to sort out the determinants of lumbar artery occlusion. According to our hypothesis, lumbar artery occlusion causes intervertebral disc degeneration via diminished nutrition through the endplates ultimately leading to a lowered tissue tolerance, whereas MRAassessed lumbar artery disease unlikely generates any stenotic claudication symptoms.
In the current study, we were able to establish the independent effect of chronic C. pneumoniae infection. The presence of this pathogen increased the risk of arterial occlusion substantially, irrespective of other known risk factors for cardiovascular diseases. The major drawback of the current study is the fact that the patients were in their forties. Ideally, lumbar vascular disease should be evaluated in a prospective long-term cohort study of young adults. Furthermore, the evaluation of C. pneumoniae infection should be included in such cohort studies. Future trials will elucidate whether treatment of this chronic infection has an impact on lumbar diseases.
Conclusions
At baseline, a total of 1,176 lumbar arteries from 147 sciatica patients were examined, of which 957 (81%) were classified as normal and 219 (19%) as narrowed or occluded. L4 segmental arteries were most frequently occluded. Over the follow-up period of thre years, new arterial stenosis was observed in 64 (47.8%) of 134 patients. Total incidence of new arterial stenosis was distributed quite evenly between the individual segmental levels, varying from 12.7 to 18.6%. Baseline BMI was the only predictor of new stenosis during the three-year follow-up period (OR 1.13; 95% CI 1.01-1.28). For L4 segmental occlusion, education was a protective factor, whereas BMI and age increased the risk of stenosis. For the total baseline arterial score, chronic C. pneumoniae infection was an independent determinant of arterial occlusion, increasing the risk to almost eightfold. BMI and age were also significant determinants of stenosis.
